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METHODS AND USE OF MOTONEURONOTROPHIC FACTORS 

by 

Raymond Ming Wah Chau 
CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation in part of United States patent application 09/592,018, 
filed June 12, 2000, by Raymond Ming Wah Chau, entitled "Isolation and Use of 
Motoneuronotrophic Factors ;" which is a continuation of United States patent application 
08/928,862, filed September 12, 1997, by Raymond Ming Wah Chau, entitled "Isolation and 
Use of Motoneuronotrophic Factors;" which is a continuation-in-part of United States patent 
application 08/751,225, filed November 15, 1996, by Raymond Ming Wah Chau, entitled 
"Motoneuronotrophic Factors," now abandoned; which is a continuation in part of United 
States provisional patent application 60/026,792, by Raymond Ming Wah Chau, filed on 
September 27, 1996, now abandoned; which are hereby incorporated by reference in their 
entirety. 

FIELD OF INVENTION 

The present invention relates to the human genes which encode a specialized group of 
proteins which promote the growth, maintenance, survival, and functional capabilities of 
selected populations of neurons. 

BACKGROUI^OF 
Neuronotrophic factors (NTFs) are a specialized group of proteins which function to 
promote the survival, growth, maintenance, and functional capabilities of selected populations 
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PATENT 12592-4 
of neurons. Recent studies have demonstrated that neuronal death occurs in the nervous 

systems of vertebrates during certain periods of growth and development. However, the 
addition of soluble neuronal trophic factors from associated target tissues serves to mitigate this 
phenomenon of neuronal death. The following citations discuss neuronal trophic factors and 
their disclosures are hereby incorporated by reference: Chau, R.M.W., et aL, Neuronotrophic 
Factor, 6 Chin. J. Neuroanatomy 129 (1990); Kuno, M., Target Dependence of Motoneuronal 
Survival; The Current Status, 9 Neurosci. Res. 155 (1990); Bard, Y.A., Trophic Factors and 
Neuronal Survival, 2 Neuron 1525 (1989); Oppenheim, R.W., The Neurotrophic Theory and 
Naturally Occurring Motoneuron Death, 12 TINS 252 (1989); Bard, Y.A., What, If Anything, 
is a Neurotrophic Factor?, 11 TINS 343 (1988); and Thoenen, H M and Edgar, D., 
Neurotrophic Factors, 229 Science 238 (1985). 

In the vertebrate neuromuscular system, the survival of embryonic motoneurons have 
been found to be dependent upon specific trophic substances derived from the associated 
developing skeletal muscles. Skeletal muscles have been shown, by both in vivo and in vitro 
studies, to produce substances which are capable of enhancing the survival and development of 
motoneurons by preventing the embryonic motoneurons from degeneration and subsequent, 
natural cellular death. See O'Brian, R.J. and Fischbach, G.D., Isolation of Embryonic Chick 
Motoneurons and Their Survival In Vitro, 6 J. Neurosci. 3265 (1986); Hollyday, M. and 
Hamburger, V., Reduction of the Naturally Occurring Motor Neuron .Loss by Enlargement of 
the Periphery, 170 /. Comp. Neurol 311 (1976), whose disclosures are incorporated herein by 
reference. Similarly, several investigators have reported that chick and rat skeletal muscles 
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possess certain trophic factors which can prevent the natural cellular death of embryonic 

motoneurons both in vivo and in vitro. See McManaman, J.L., et al., Purification of a Skeletal 
Muscle Polypeptide Which Stimulates Choline Acetyltransferase Activity in Cultured Spinal 
Cord Neurons, 263 J.Biol Chem. 5890 (1988); Oppenheim, R.W., et al., Reduction of 
Naturally Occurring Motoneuron Death In Vitro by a Target Derived Neurotrophic Factor, 240 
Science 919 (1988); and Smith, R.G., et al., Selective Effects of Skeletal Muscle Extract 
Fractions on Motoneurons Development In Vivo, 6 7. Neurosci. 439 (1986), whose disclosures 
are incorporated herein by reference. 

In addition, a polypeptide has been isolated from rat skeletal muscle which has been 
found to selectively enhance the survival of embryonic chick motoneurons in vivo, as well the 
activity of choline acetyltransferase in these motoneurons. This polypeptide has been named 
Choline Acetyltransferase Development Factor (CDF) and its biological function has been 
demonstrated to be different from other trophic factors such as Nerve Growth Factor (NGF), 
Ciliary Ganglion Neurotrophic Factor (CNTF), Brain-Derived Neurotrophic Factor (BDNF), 
and Retinal Ganglion Neurotrophic Factor (RGNTF). See Levi-Montalcini, R., 
"Developmental Neurobiology and the Natural History of Nerve Growth Factor," 5 Ann. Rev. 
Neurosci. 341 (1982); Varon, S., et al, Growth Factors. In: Advances in Neurology, Vol. 47: 
Functional Recovery in Neurological Disease, Waxman, S.G. (ed.), Raven Press, New York, 
pp : 493-521 (1988); Barde, Y.A., Trophic Factors and Neuronal Survival, 2 Neuron 1525 
(1989); Chau, R.M.W., et al,, The Effect of a 30 kD Protein from Tectal Extract of Rat on 
Cultured Retinal Neurons, 34 Science in China, Series B, 908 (1991), whose disclosures are 
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incorporated herein by reference. 

The inventor of the invention disclosed in the instant application, Dr. Raymond Ming 
Wah Chau, presented results which reported the isolation and characterization of two 
motoneuronotrophic factors from rat muscle tissue having apparent molecular weights of 35 
kD and 22 kD. This data was initially disseminated in 1991 at the World Congress of Cellular 
and Molecular Biology held in Paris, France. See Chau, R.M.W., et al., Muscle 
Neuronotrophic Factors Specific for Anterior Horn Motoneurons of Rat Spinal Cord. In: 
Recent Advances in Cellular and Molecular Biology , Vol. 5, Peeters Press, Leuven, Belgium, 
pp. 89-94 (1992), the disclosure of which is hereby incorporated by reference. This 35 kD 
protein has been defined by Dr. Chau as motoneuronotrophic factor l(MNTFl) and the 
apparent 22 kD protein as motoneuronotrophic factor 2 (MNTF2). These two trophic factors 
have been demonstrated in vitro by Dr. Chau to support the growth and/or regeneration of both 
isolated anterior horn motoneurons and spinal explants of rat lumber spinal cord. 

Subsequently, in 1993, Dr. Chau reported the successful cloning of human MNTF1, a 
protein having an apparent molecular weight of 55 kD, and its associated receptor from a 
human retinoblastoma cDNA library. See Chau, R.M.W., et al., Cloning of Genes for 
Muscle-Derived Motoneuronotrophic Factor 1 (MNTF1) and Its Receptor by Monoclonal 
Antibody Probes, (abstract) 19 Soc. for Neurosci. part 1, 252 (1993), the disclosure of which 
is ner _ eb X incorporated by reference. The cloned human MNTF1 was demonstrated to have 
biological activity similar to that of the "native" MNTF1 protein in that it supported the in 
vitro growth of rat anterior horn motoneurons. 
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Although various biological aspects of MNTF1 have been widely publicized in 
scientific journals, the DNA and inferred amino acid sequences of the cloned human MNTF1 
gene and its associated receptor had not yet been made publicly available by Dr. Chau, nor had 
these sequences been confirmed by peer-review within the field. Moreover, the cloned human 
MNTF1, reported by Dr. Chau in 1993, was not in a form which was amenable to being sub- 
cloned into an appropriate vector, such as an in vitro mammalian expression system. Thus, 
there remained a need for the human MNTF1 gene to be properly manipulated, sequenced, 
sub-cloned into an appropriate vector(s), sub-cloned into an appropriate expression system(s) 
and associated host(s), as well as the isolation and purification of the resulting recombinant 
human MNTF1 protein for subsequent potential utilization in human therapeutic modalities. 

SUMMARY OF THE INVENTION 
The present invention is directed to a family of motoneuronotrophic factors including 
MNTF1 and MNTF2, which have been shown to have diagnostic and therapeutic applications 
in mammals. The present invention is also directed to novel DNA sequences which encode 
motoneuronotrophic factors, including recombinant human MNTF1-F3 (SEQ ID NO:l) and 
MNTF1-F6 (SEQ ID NO:2, and SEQ ID NO:5), to vectors which contain these novel DNA 
sequences, to expression systems and associated hosts which contain these novel DNA 
sequences, and the novel recombinant human MNTF1-F3 (SEQ ID NO: 3) and MNTF1-F6 
(SEQ ID NO:4) proteins which are produced by the aforementioned expression systems. 

The invention further includes a method for promoting the survival, growth, 
proliferation, regeneration, or maintenance of mammalian neurons comprising administering to 
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the neurons an effective amount of a purified polypeptide comprising an amino acid sequence 
that is at least 80% identical to SEQ ID NO:3 or SEQ ID NO:4. 

In specific embodiments, the method comprises promoting regeneration of the axon of a 
motoneuron; promoting the survival, growth, proliferation, or maintenance of neurons in vitro; 
promoting the survival, growth, proliferation, or maintenance of isolated spinal motoneurons 
in vitro; administering the polypeptide to non-neuronal cells or tissues sufficiently proximal to 
neurons such that the polypeptide is effective at promoting the survival, growth, proliferation, 
or maintenance of mammalian neurons; promoting the rescue and morphologically-complete 
neuronal regeneration of axotomized motoneurons in vivo; promoting the regeneration of nerve 
fibers in a severed or injured spinal cord of a mammal; promoting the regeneration of 
peripheral nerves in a mammal; promoting the axonal regeneration of axotomized motoneurons 
in a mammal; inhibiting the effects of hereditary motoneuron disease in a mammal where 
muscles associated with the diseased motoneurons degenerate; administering the polypeptide in 
a suitable carrier to a mammal for treatment of a medical condition selected from the group 
consisting of: peripheral nerve injuries, musculoskeletal disorders, spinal cord injuries, head 
injuries, strokes, neuromuscular degenerative diseases, amyotrophic lateral sclerosis, spinal 
muscular atrophy, peripheral neuropathy, inhibition of scar formation, diabetic peripheral 
neuropathy, peripheral neuropathy resulting from AIDS, peripheral neuropathy resulting from 
radiation treatment fqr cancer, multiple _sclerqsis ! muscular dystrophy, myasAenia_gravis, and 
sensory neuronal function disorders. 
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In other embodiments, the invention includes a method of promoting the differentiation 
of neural stem cells into neural cells comprising administering to the neural stem cells an 
effective amount of a purified polypeptide comprising an amino acid sequence that is at least 
80% identical to SEQ ID NO:4 or SEQ ID NO:3. In one embodiment, the method comprises 
acmiinistering the polypeptide to non-neuronal cells or tissues sufficiently proximal to neural 
stem cells or tissues sufficiently proximal to neural stem cells such that the polypeptide is 
effective at promoting the differentiation of the neural stem cells into neurons. 

DESCRIPTION OF THE FIGURES 

The present invention may be better understood and its advantages appreciated by those 
individuals skilled in the relevant art by referring to the accompanying figures wherein: 

Figure 1A depicts the DNA sequence of the MNTF1-1443 DNA fragment (SEQ ID 
NO:l) which encodes the MNTF1-F3 protein. By standard convention, the DNA sequence is 
shown in the 5' to 3* directed. 

Figure IB depicts the DNA sequence of the MNTF1-927 DNA fragment (SEQ ID 
NO:2) which encodes the MNTF1-F6 protein. The first 99 of these nucleotides (SEQ ID 
NO: 5) correspond to and code for the 33 amino acid peptide shown in Figure 2B. By standard 
convention, the DNA sequence is shown in a 5' to 3' orientation. 

Figure 1C depicts the first 99 nucleotides (SEQ ID NO:5) (33 codons) of the DNA 
sequence shown in Figure IB. 

Figure 2A depicts the direct amino acid sequence of MNTF1-F3 protein (SEQ ID 
NO: 3). By standard convention, the amino acid sequence is reported from the amino (NH2-) 
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terminus to the carboxyl (-COOH) terminus. 

Figure 2B depicts the direct amino acid sequence of MNTF1-F6 protein (SEQ ID 

NO:4) encoded by the MNTF1-927 DNA fragment. By standard convention, the amino acid 

sequence is reported from the amino (NH2-) terminus to the carboxyl (-COOH) terminus. 

Figure 3 (panels A-C) depicts the "Protein Band-Fishing By Cells" methodology which 

showed that isolated anterior horn motoneurons survived and grew on PhastGel regions 

containing MNTF1 and MNTF2 from muscle extract which had been electrophoretically 

separated into protein bands within the PhastGel. Fig-3 (panels a-c) illustrate the results 

obtained utilizing the "Protein Band-Fishing By Cells" methodology to isolate the 

10 Kj motoneuronotrophic factors MNTF1 and MNTF2. 

y3 

X Figure 4 (panels 1-4) reveals the results of isolated motoneurons cultured with the 35 

5 . ' kD gel band containing the MNTF1 for 3, 7, and 14 days (panels 2, 3, & 4, respectively) and 
M a control culture (panel 1) without the 35 kD MNTF1 -containing gel. 

S Figure 5 (panels 1-6) reveals the irnmunohistochemical distribution of MNTF1 (panels 

15 ' 1, 3 & 5) and its putative MNTF1 receptor (panels 2, 4 & 6) in muscle (panels 1 & 2); 
Schwann cells (panels 3 & 4); and motoneurons (panels 5 & 6). 

Figure 6 depicts the axotomy of the sciatic nerve of a 10 day-old Sprague Dawley rat. 
The sciatic nerve at the gluteal region of the right side was axotomized with 1 mm of the nerve 
removed and MNTFs were subsequently placed around the cut edge of the nerve. 
20 Figures 7A and 7B reveal the synergistic effect of MNTF1 (35 kD) and MNTF2 (22 

kD) on the survival of axotomized motoneurons of the sciatic nerve in the Sprague Dawley 
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rats. Panel 1 had no gel added (NG) and panel 3 had 22 kD MNTF2 gel added; (I) is the intact 
side and (A) is the axotomized side. Panel 2 had the 35 kD MNTF1 gel added and panel 4 had 
both the 35 kD and 22 kD gels added. 

Figures 8A and 8B provide histogram and tabular results of the synergistic protection 
and rescue of axotomized motoneurons of the sciatic nerve by the partially-purified and 
isolated motoneuronotrophic factors MNTF1 and MNTF2 following the transection of the 
sciatic nerve in Sprague Dawley rats. 

Figure 9 (panels 1-4) reveals the microscopic effects of MNTFs on the survival of 
motoneurons in the facial nuclei of the transected facial nerve in the Sprague Dawley rats. 
Panel (1) the facial nuclei of the normal intact control rat after two weeks; panel (2) the 
axotomized facial nuclei without factors after two weeks; panels (3) and (4) the axotomized 
facial nuclei with 35 kD MNTF1 and with both 35 kD and 22 kD MNTF1 & MNTF2, 
respectively, for two weeks. 

Figures 10A and 10B provide histogram and tabular results of the in vivo effects of 
muscle-derived motoneuronotrophic factors (22 kD, 35 kD, and 22 kD + 35 kD) on neuronal 
survival following the transection of the facial nerve in Sprague Dawley rats. 

Figures 11A and 11B provide histogram and tabular results of the in vivo effects of 
muscle-derived 35 kD MNTF1 motoneuronotrophic factor on neuronal survival following the 
transection of the facial ner ye in Sj>rague Dawley rats m the presence of goat anti-rabbit IgG or 
anti-35 kD motoneuronotrophic factor monoclonal antibody. 

Figure 12A-D depicts a series of four photomicrographs demonstrating the in vivo 
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effects of the 35 kD MNTF1 and 22 kD MNTF2 proteins upon neuronal survival following the 
transection of dorsal root ganglion in Sprague Dawley rats. 

Figure 13 shows a hemisection of the spinal cord at the T1-T3 level in the adult 
Sprague Dawley rat depicting the surgical autographing of the ulnar nerve to the ventral spinal 
cord and the median nerve to the dorsal spinal cord. 

Figure 14 (panels 1-6) depicts the trophic and rescuing effects of MNTFs on the 
survival of motoneurons following the hemisection of the spinal cord in Sprague Dawley rat 
with nerve autographs. Panels 1-4 demonstrate that: (1) with the presence of MNTF1 & 
MNTF2 there were reduced in inflammation, scar formation, and white blood cells infiltration 
at the junction of the autograph nerve (N) and the spinal cord (C); panel (2) with no MNTFs 
there were increased in scar formation, inflammation, and WBCs infiltration at the junction of 
the autograph nerve (N) and the spinal cord (C); panel (3) is an electron micrographs of the 
autograph nerve with MNTFs which reveals an increase in number and size of the regenerating 
nerve fibers with healthy myelination; panel (4) is an EM of the autograph nerve without 
MNTFs which reveals no healthy myelinated regenerating nerve fibers. 

Figures 15A and 15B depict the body weights of homozygous (N1-N4) in 
panel A and heterozygous (N1-N4) in Panel B wild type mice verses the body weights of their 
litter-mates wobbler mice which were treated with rat MNTFs (W5-W8) and (W1-W4), 
respectively. 

Figure 16 (panels A-F) depicts the survival (with neurite outgrowth) of in vitro isolated 
anterior motoneuron cultures derived from the lumbar spinal cord following 14 days of co- 
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culture with human recombinant MNTF1 (hrMNTFl). Panels a-c isolated motoneuron 
cultures were photographed at day 2 and panels d-e photographed at day 14; panels a and d 
represent control cultures with no hrMNTFl; and panels b, c, e, and f depict experimental 
cultures with hrMNTFl. 

Figure 17 (panels 1-6) depicts the survival of in v/rro-isolated anterior motoneuron 
cultures derived from the lumbar spinal cord following 8 days of co-culturing without MNTF1- 
F6 (panel 1) and MNTF1-F3 (panel 2); with GST-fusion protein of MNTF1-F6 (panel 3) and 
MNTF1-F3 (panel 4); and with cleaved protein of MNTF1-F6 (panel 5) and MNTF1-F3 (panel 
6). Low magnification (xlOO). 

Figure 18 (panels 1-6) depicts the survival (with neurite outgrowth) of in vfrro-isolated 
anterior motoneuron cultures as in Figure 17 (1-6) above. High magnification (x320). 

Figure 19 (panels 1-2) depicts the survival with neurite outgrowth of in Wfro-isolated 
anterior motoneuron cultures following 8 days of co-culturing with the cleaved protein of 
MNTF1-F6. High Magnification (x400). 

Figures 20A-D depicts the survival, growth and regeneration of myelinated nerve fiber 
from the in vtfro-isolated anterior motoneurons from the culture as originally demonstrated in 
Figures 17 (panel 5), 18 (panel 5), and 19 (panels 1-2) after 21 days of co-culturing with the 
cleaved protein of MNTF1-F6. Figure 20A reveals nerve fibers; one ~ 1.5 mm and the other 
3 I™ 1 wer ? regenerated from the cultured motoneurons. Low magnification (x40). Figure 
20B is a high magnification (xl40) of Figure 20A and a composite picture to reveal the 
myelinated, regenerated nerve fiber with oligodendrocytes (possible Schwann cells?*) attached. 

11 
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Figure 20C and Figure 20D reveal clearly the axon cylinders in the inner regenerated 
myelinated nerve fiber with node of Rannier. High magnification (x400). 

DESCRIPTION OF THE INVENTION 

The present invention comprises a family of neuronotrophic factors which possess the 
ability to exert a trophic effect on motoneurons and the genes which encode these factors. 
These factors have been isolated and the genes which encode these factors have been cloned 
and expressed, and both the nucleic acid and polypeptide sequences provided 

It has been demonstrated that the isolated factors, the expressed, recombinant factors, 
and chemically synthesized polypeptide factors are capable of inducing the continued viability 



10^ and neurite outgrowth of motoneurons. Therefore, these factors have been classified as 



"motoneuronotrophic factors" or "MNTFs." 

MNTFs have been isolated from both rat and human sources and their biological 
activities have been examined both in vivo and in vitro. For example, their potential biological 
activity has been examined in both surgically-axotomized and hereditarily diseased animals. 
15 The MNTFs disclosed in the present invention are useful for a variety of purposes, 

including: (1) for promoting axonal regeneration; (2) for promoting the survival, growth, 
proliferation, differentiation or maintenance of mammalian neurons; (3) for treatment of 
(prevention and /or reduction of the severity) of neurological conditions deriving from a) 
_ acute, subacute, or chronic injury to the nervous system, including traumatic injury, chemical 
20 injury, vassal injury and deficits (such as the ischemia resulting from stroke), together with 
infectious/inflammatory and tumor-induced injury, b) aging of the nervous system, c) chronic 
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immunological diseases of the nervous systeme or affecting the nervous system, including 
multiple sclerosis, d) chronic neurodegenerative diseases of the nervous system including 
hereditary motoneuron diseases such as amyotrophic lateral sclerosis, spinal muscular atrophy; 
(4) for peripheral nerve injuries, musculoskeletal disorders, spinal cord injuries, head injuries, 
5 peripheral neuropathy, diabetic peripheral neuropathy, peripheral neuropathy resulting from 
AIDS, peripheral neuropathy resulting from radiation treatment for cancer, muscular 
dystrophy, myasthenia gravis, and sensory neuronal function disorders; (5) for promoting or 
regulating differentiation of neural stem cells into neural cells; (6) for minimizing or inhibiting 

W-i; 

Cj the effects of scar tissue formation; and (7) for accelerating wound healing while concomitantly 
10 ^ minimizing or inhibiting the effects of scar tissue and keloid formation. 

hi MNTF can be utilized in the diagnosis of motoneuron diseases by exploiting their 

~ effectiveness in altering the symptomology of the disease. For example, a detailed description 

^ is provided below which supplies evidence of the successful use of MNTF1-F3 and MNTF1- 

n * 

*i F6 in wobbler mice. Wobbler mice are animals which possess double recessive genes for a 
15 hereditary motoneuron disease. The motoneuron disease manifests itself with symptoms of 
upper limb neuromuscular failure which initially appears approximately 3 weeks after birth. 
The condition also affects the animal's body weight, general health conditions, respiration, and 
life span in a deleterious manner. The disease gradually progresses to the final, terminal stage 

.(defined as stage 4) by 3 months of age, with L an associated dramatic increase _in animal 

20 mortality. The symptomatic responsiveness of the wobbler mice to the aforementioned 

MNTFs is indicative of the defect occurring at the motoneuron level, thus serving to confirm 
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various genetic evidence which has established the hereditary nature of the defect. 

In addition, MNTFs may also be utilized therapeutically to treat damaged or diseased 
motoneurons. For example, a detailed description is provided below which includes 
experiments using these factors on surgically-transected motoneurons, with the resulting 
recovery of a large percentage of the transected motoneurons. Also described is the utilization 
of the factors in the aforementioned hereditary motoneuron disease, the wobbler mouse, with 
results demonstrating that the treated animals survived, with a concomitant arresting of 
pathological symptomologies, and thrived for much longer periods of time than those of the 
untreated ariimals. 

"PROTEIN BAND-FISHING BY CELLS" METHODOLOGY 

Rat MNTF1 and MNTF2 were isolated utilizing the "Protein Band-Fishing by Cells" 
methodology as reported in Chau, R.M.W., et al., Muscle Neuronotrophic Factors Specific for 

Anterior liorn_Motoneurons_ of Rat _Spjnal Cord, In: Recent _Adygnces_ in_ Cellular and 

Molecular Biology, Vol. 5, Peeters Press, Leuven, Belgium, pp. 89-94 (1992). Trophic 
factors are generally found in minute quantities in vivo; hence this can potentially cause 
tremendous difficulties in their isolation utilizing traditional biochemical methodologies. In 
view of this fact, a novel technique designated "Protein Band-Fishing by Cells" was developed 
in which viable anterior horn motoneurons were co-cultured on an electrophoretic gel 
C011t ^M the separated proteins from rat perqnea] muscle. This methodology thus allowed 
the viable anterior horn motoneurons to "fish-out" those peroneal muscle proteins which 
exhibited biological activity specific for those motoneurons (i.e., by the demonstration of 
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continued viability and growth in vitro). 

For electrophoretic protein separation, the peroneal longus and brevis skeletal muscles, 
without the associated tendon, from 3 week-old Sprague Dawley rats were aseptically dissected 
into small sections and washed 3-times in Ca +2 /Mg +2 -free Hank's medium. The muscle tissue 
was then homogenized in 10 mM Tris-HCl (pH 7.2). A cell lysate was obtained by 
centrifugation at 100,000 x g. for 10 minutes, and the supernatant was filtered utilizing a 
0.2um Millipore filter membrane (Millipore Corp., MA). The resultant filtrate was designated 
muscle extract (Me). 

For cell culture, the spinal cords from four 3 week-old rats were excised and the 
meninges and any associated vessels were removed. It should be noted that the motoneurons 
were pre-labeled with rhodamine B for subsequent microscopic visualization by implantation of 
gelfoams containing rhodamine B into the peroneal muscles of the experimental animals one 
. week_pr|or to their sacrifice^ _The ^rayjnattec MJhe_anteriQr Aorn jegiQn_QfjsegmentSLL4=L5 
was subsequently removed from each excised spinal cord, washed several times in Ca +2 /Mg +2 - 
free medium, and treated with collagenase (0.08%) at 37°C for 60 minuets. Following gentle 
dissociation and sedimentation, the cell were suspended in RPMI 1640 medium/6% fetal calf 
serum/20 mM HEPES/lx streptomycin and penicillin and utilized for subsequent PhastGel 
culture. 

Thejiltered^ muscle extract .(Me, 10 : 20 1 ul of a 1 mg/mJ solution) wasihen applied ±o 
a pre-cast 20% native PhastGel (50 x 40 x 0.45 mm, Pharmacia LKB Biotech AB, Upsala, 
Sweden) for separation by the Phast System gel electrophoresis (Pharmacia LKB Biotech AB, 

15 
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Upsala, Sweden). The electrophoretic conditions utilized were those suggested by the 
computer program of Olsson, I., et al., Computer Program for Optimizing Electrophoretic 
Protein Separation, 9 Electrophoresis 16 (1988). 

Following electrophoresis, the middle portion of the PhastGel was removed via aseptic 
technique for subsequent culture with ~ 1 x 10 6 spinal cord cells/gel. The remaining portions 
of the PhastGel were stained using the silver stain method to identify and locate the resulting 
protein bands. Following 2-7 days of incubation, the PhastGel/spinal cell culture was fixed in 
0.4% paraformaldehyde in Phosphate-buffered saline (PBS) for approximately 2 hours. This 
portion of the gel was then reinserted back into its original position of the PhastGel and 
examined for viable, large (-25 mm) rhodamine B retrograde-prelabeled motoneurons in the 
cultured spinal cells using either an inverted phase (Zeiss Axiophot Inverted Microscope, West 
Germany) or a fluorescent microscope (Zeiss, West Germany). 
. - ... _ s jlYer^taining_ta 

apparent molecular weight of > 30 kD and 8 protein bands with an apparent molecular weight 
of < 30 kD) separated from the muscle extract. These results are illustrated in Figure 3, 
panels A-C. Interestingly, large (-25 mm) rhodamine B retrograde-prelabeled motoneurons 
from the cultured spinal cells were found to survive in only two spatially-distinct regions 
corresponding to the 35 kD and 22 kD apparent molecular weight protein bands. These results 

deill0 _ nstr _ ate .4 ™ Figure 3 _> P anel B ; Moreover, silver staming methodology demonstrated 
heavier staining of the 35 kD protein band, in comparison to the 22 kD protein band, thus 
potentially reflecting the relative concentrations of these two trophic factors in the muscle 
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extract. No other types of neuronal cells were found to have survived, nor did the 
aforementioned motoneurons remain viable in any other locations corresponding to additional 
proteins with differing apparent molecular weights. These aforementioned results are 
indicative of the large, rhodamine B retrograde-prelabeled motoneurons having "fished out," 
from the amongst the 34 total peroneal muscle protein bands, their own trophic factors having 
apparent molecular weights of 35 kD and 22 kD, and are illustrated in Figure 3, panel C. The 
35 kD and 22 kD protein bands were designated MNTF1 and MNTF2, respectively. 

DETERMINATION OF MNTF1 AND MNTF2 BIOLOGICAL ACTIVITY 
As used herein, the terms "biologically active polypeptide" and "biologically active 
fragment 'Vrefer to a peptide or polypeptide in accordance with the above description for 
MNTF factors wherein the MNTF acts as a growth factor for neurons or neural stem cells. 

As used herein, the terms "administer" and "administer to neurons" includes applying 
J^Jl?J^d£qlj2eptide_to np_n-neur_onal_ceJls_pr tissues sirfficien^j)rgxijnal_to neurons_such. 
that the polypeptide is effective at promoting the survival, growth, differentiation, or 
maintenance of mammalian neurons or neural stem cells. 

The invention encompasses biologically active mammalian polypeptides and fragments 
that comprise an amino acid sequence which is at least 80% identical to the amino acid 
sequence of SEQ ID NO:3 and methods of using the polypeptide to promote the survival, 
growth, proliferation, or maintenance of mammalian newons and the differentiation of neural 
stem cells into neurons. Preferably the polypeptide is at least 85% identical to the amino acid 
sequence of SEQ ID NO: 3. Further preferable, the polypeptide is at least 90% identical to the 
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amino acid sequence of SEQ ID NO:3. Still further preferable, the polypeptide is at least 95% 
identical to the amino acid sequence of SEQ ID NO: 3, or at least 99% identical to the amino 
acid sequence of SEQ ID NO:3. In a particularly preferred embodiment, the polypeptide is 
100% identical to the amino acid sequence of SEQ ID NO:3. Alternatively, the polypeptide 
comprises the amino acid sequence of SEQ ID NO:3 with one or more conservative amino acid 
substitution. 

A "conservative substitution" is one in which an amino acid is substituted for another 
amino acid that has similar properties, such that one skilled in the art of peptide chemistry 
would expect the secondary structure and hydropathic nature of the polypeptide to be 
substantially unchanged. A conservative amino acid substitution occurs when one amino acid 
residue is replaced with another that has a similar side chain. Amino acid residues having 
similar side chains are known in the art and include families with basic side chains (e.g., lysine 
_ ihyi^l^&m^l^lKi^Mm LHis/H)), acidic sMe_cha_ins le^^sjartic acidXAsp/D),_ 
glutamic acid (GIu/E)), uncharged polar side chains (e.g., glycine (Gly/G), asparagine 
(Asn/N), glutamine (Gln/Q), serine (Ser/S), threonine (Thr/T), tyrosine (Tyr/Y), cysteine 
(Cys/Q), nonpolar side chains (e.g., alanine (Ala/A), valine (Val/V), leucine (Leu/L), 
isoleucine (Ile/I), proline (Pro/P), phenylalanine (Phe/F), methionine (Met/M), tryptophan 
(Trp/W)), beta-branched side chains (e.g., threonine (Thr/T), valine (Val/V), isoleucine 
Q 1 ^) ^4 aromatic side chains (e.g. , tyrosine (Tyr/Y), phenylalanine (Phe/F), tryptophan 
(Trp/W), histidine (His/H)). In the case of polypeptide sequences which are less than 100% 
identical to a reference sequence, the non-identical positions are preferably, but not 
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necessarily, conservative substitutions for the reference sequence. 

The invention further includes biologically active mammalian polypeptides, including 
for example, those that are isolated, expressed in vitro, or chemically synthesized, that 
comprise an amino acid sequence which is at least 80% identical to the amino acid sequence of 
SEQ ID NO:4 and methods of using the polypeptide to promote the survival, growth, 
proliferation, or maintenance of mammalian neurons and the differentiation of neural stem cells 
into neurons. Preferably the polypeptide is at least 85% identical to the amino acid sequence 
of SEQ ID NO:4. Further preferable, the polypeptide is at least 90% identical to the amino 
acid sequence of SEQ ID NO:4. Still further preferable, the polypeptide is at least 95% 
identical to the amino acid sequence of SEQ ID NO;4. In a particularly preferred 
embodiment, the polypeptide is 100% identical to the amino acid sequence of SEQ ID NO:4. 
In alternative embodiments, the invention includes polypeptides comprising at least 10 
_ consecutive amiw add re^dues of^ consecutive amino, 

acid residues of sequence of SEQ ID NO:4, at least 20 consecutive amino acid residues of 
sequence of SEQ ID NO:4, at least 25 consecutive amino acid residues of sequence of SEQ ID 
NO:4, and at least 30 consecutive amino acid residues of sequence of SEQ ID NO:4. 
Alternatively, the polypeptide comprises the amino acid sequence of SEQ ID NO:4 with one or 
more conservative amino acid substitution. 

The rat MNTF1 and MNTF2 proteins were then tested for potential biological activity 

with anterior horn motoneurons. Anterior horn motoneurons were isolated from four 3 week- 
old Sprague Dawley rat lumbar spinal cord via collection of the associated gray matter. The 
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collected gray matter was then digested with a 0.08% collagenase solution in DMEM medium. 
The motoneurons in the DMEM medium were collected in 5 ml aliquots and allowed to settle 
at room temperature for 2 minutes. The upper 4.5 ml of supernatant was aspirated and 
discarded and the remaining media, containing the motoneurons, were subsequently utilized to 
test the biological activity of the rat MNTF1 and MNTF2 proteins. 

Rat MNTF1 and MNTF2 were isolated utilizing the aforementioned Phast System gel 
electrophoresis apparatus by aseptic excision of the PhastGel sections ( - 1 x 30 mm) 
containing the 35 kD and 22 kD protein bands, respectively (see Figure 3, panels A-C). 
Anterior horn motoneurons, isolated from the lumbar spine of 3 week-old Sprague Dawley 
rats, were then co-cultured with and without the presence of MNTF1- and MNTF2-containing 
PhastGel sections. Results indicated that both MNTF1- and MNTF2-containing PhastGel 
sections were capable of supporting the continued viability of the anterior horn motoneurons, 
as well as supporting jieu^ 

In a similar experiment, depicted in Figure 4, panels 1-4, anterior horn motoneurons, 
isolated from the lumbar spine of 3 week-old Sprague Dawley rats, were then co-cultured with 
and without the presence of MNTFl-containing PhastGel sections for 3, 7, and 14 days (panels 
2, 3, & 4, respectively). The results of this experiment are shown in Figure 4 which 
demonstrates that MNTF1 is capable of supporting the continued viability of anterior horn 
motoneurons for 2 or more weeks. The determination of motoneuron viability and neurite 
outgrowth was performed utilizing both MTT micro-assay and microscopic morphological 
measurement. MTT is a highly sensitive, colorimetric tetrazolium derivative 
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(3-(4,5-dimethylthiazol-2-yl)-2,5-dipheny tetrazolium bromide) which can be converted by 
viable cells to form a formazan product which can subsequently be measured with an ELISA 
colorimeter. The control assay (panel 1), utilizing selected remaining protein-containing 
PhastGel sections or PhastGel sections alone, failed to support any continued viability or 
neurite outgrowth of the anterior horn motoneurons. 

In Vivo Testing of Rat MNTF1 and MNTF2 in Axotomized Animals 
In vivo testing of rat MNTF1 and MNTF2 were next performed utilizing axotomized 
animals. Axotomized rat sciatic, facial, hypoglossal, and musculocutaneous nerves were cut in 
the right side of 10 day-old Sprague Dawley rats. The aforementioned nerves were left intact 
on the left side of the rats to serve as contralateral internal controls. Sections of MNTF1- 
and/or MNTF2-containing PhastGel ( ~ 2 x 3 mm sections containing 5-30 ng of MNTFs) 
were applied via implantation to the axotomized sites. The axotomy of the sciatic nerve and 
_ .subsequent implantati^ illustrated in Figure Jaihe siirgicaL 

procedure, the right-side of the gluteal region was dissected so as to reveal the sciatic nerve. 
A 1 mm section of the sciatic nerve was resected and the remaining ends of the nerve were 
spatially aligned without performing an end-to-end anastomosis. The MNTF-containing and 
control gel sections were then placed around the surgical resection site and the initial incision 
was closed. Axotomized animals in which PhastGel without MNTFs were implanted in an 
^ al 9i°us_manner and were utilized as controls. After periods of 2^ 4, _and_8. weeks, the 
axotomized animals were sacrificed and tissue sections were excised and prepared for 
determination of motoneuron survival/viability via microscopic examination. 
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The results demonstrated that without the application of the MNTFs, 60-70% of the 

motoneurons associated with the aforementioned nerves had degenerated, therefore only 30- 
40% of the motoneurons were still viable at the time of microscopic examination. Conversely, 
in the presence of either MNTF1 or MNTF2, 55-75% of the motoneurons displayed continued 
viability during the above periods of observation. In the presence of both MNTF1 and 
MNTF2, — 90% of the motoneurons were found to exhibit continued viability. 

Figures 7 and 8 depict the results of the in vivo effects of muscle-derived 
motoneuronotrophic factors on neuronal survival following the transection of the sciatic nerve. 
As previously discussed, the sciatic nerves were cut in the right side of 10 day-old Sprague 
Dawley rats (see Figure 6); whereas the sciatic nerves were left intact on the left side of the 
rats to serve as contralateral internal controls. Section of MNTF1 -containing and/or MNTF2- 
containing PhastGel (-2x3 mm section containing 5-30 ng of MNTFs) were applied via 
implantation to the axotomized sites. MNTF1 md MNTF2 cor resp ond to the 35 JkD and 22 
kD proteins, respectively. PhastGel sections without MNTFs were implanted in axotomized 
animals in an analogous manner, and served as controls. After 3 weeks, the axotomized 
animals were sacrificed and sections of the lumbar spinal cord were excised and prepared for 
determination of motoneuron survival/viability via microscopic examination. Results 
demonstrated that without the application of the MNTFs, 56% of the motoneurons associated 
with the aforementioned nerves had degenerated. Therefore, only 44%_of the motoneurons 
were still viable at the time of microscopic examination. Conversely, in the presence of either 
the 35 kD protein MNTF1 or the 22 kD protein MNTF2, 76% and 71 % of the motoneurons 
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displayed continued viability, respectively, at the time of microscopic evaluation. 

Figure 7A and 7B represents a series of eight photomicrographs depicting the in vivo 
effects of muscle-derived motoneuronotrophic factor on neuronal survival following transection 
of the sciatic nerve in Sprague Dawley rats. These results are presented in tabular and 
histogram form in Figure 8A and 8B, respectively. In this series of experiments, axotomized 
sciatic nerves were cut in the right side of adult Sprague Dawley rats, whereas the left side 
sciatic nerve was left intact as an internal contralateral control. Sections of MNTFl-containing 
or MNTF2-containing PhastGel (-2x3 mm section containing 5-30 ng of MNTFs) were 
applied via implantation to the axotomized sites. PhastGel sections without MNTFs were 
implanted in axotomized animals in an analogous manner, and served as controls. It should be 
noted that all the lumbar 4 and 5 anterior horn motoneurons were retrogradely prelabeled with 
horseradish peroxidase (HRP) for 2 weeks prior to animal sacrifice, at which time sections of 
thejciafo^ 

survival/viability via a microscopic cell counting methodology. 

Results shown within the control photomicrographs (see Figure 7A, panel 1) 
demonstrated that without the application of the MNTFs (NG), a comparatively low number of 
viable (i.e., HRP-labeled) motoneurons are present in all the serial sections of the axotomized 
side (A) of the lumbar spinal cord as compared to the intact side. This finding is corroborated 
by the tabular results » presented in Figure 8 which jshow that 56% of the HRP-labeled 
motoneurons associated with the sciatic nerve had degenerated. Conversely, in the presence of 
the 22 kD protein MNTF2 (see Figure 7A, panel 3), the 35 kD protein MNTF1 (see Figure 
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7B, panel 2), or both the 22 kD and 35 kD MNTFs (see Figure 7B, panel 4) a markedly higher 
rate of survival of the HRP-labeled motoneurons was demonstrated. These results are 
quantitatively depicted in Figure 8 A and 8B, and are corroborated by the fact that the 
utilization of the 35 kD MNTF1 protein or the 22 kD MNTF2 protein resulted in 76.5% and 
71.3% of the HRP-labeled motoneurons displaying continued viability, respectively. 
Similarly, in the presence of both MNTF1 and MNTF2 (see Figure 7B, panel 4), a large 
number of viable motoneurons are found with 86.8% of the motoneurons exhibiting continued 
viability as a result of treatment with both MNTFs (see Figure 8 A and 8B). 

Figure 9, panels 1-4 illustrates the results of the in vivo effects of MNTF application on 
neuronal survival and viability following the transection of the rat facial nerve in 
photomicrographic form. In this series of experiments, axotomized facial nerves were cut in 
the right side of 10 day-old Sprague Dawley rats, whereas the left-side facial nerves were left 
intact to serve as an int ernal contrala teral control. Sections of MNT F 1 -containing or MNTF2- 
containing PhastGel (-2x3 mm section containing 5-30 ng of MNTFs) were applied via 
surgical implantation to the axotomized sites. As before, the MNTF1 and MNTF2 correspond 
to the 35 kD and 22 kD proteins, respectively. PhastGel sections without MNTFs were 
implanted in axotomized animals in an analogous manner, and served as controls. After 
periods of 1 and 2 weeks, the axotomized animals were sacrificed and serial sections of the 
facial _nuclei in the brain w ere prepared for subsequent evaluation of motoneuron 
survival/ viability via microscopic examination following histological staining. Results in 
Figure 9, panel 1 depicts the facial nuclei of the normal intact control rat after two weeks; 
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panel 2 depicts the axotomized facial nuclei without factors after two weeks; panels 3 and 4 
depict the axotomized facial nuclei with 35 kD MNTF1 and with both 35 kD and 22 kD 
MNTF1 & MNTF2, respectively, after two weeks. Figure 10A and 10B illustrate the results 
in tabular and histogram form, respectively. The results shown in Figures 9, 10A and 10B 
demonstrated that without the application of either the MNTFs, — 50% of the motoneurons 
associated with the facial nuclei had degenerated after only one week and - 65% had 
degenerated after two weeks (panel 1). In contrast, in the presence of either the 35 kD protein 
MNTF1 (panel 3) or the 22 kD protein MNTF2 (panel 2), - 70% of the motoneurons 
displayed continued viability after 1 week and — 55% were still viable after 2 weeks. Similar 
results were obtained when both the 35 kD (MNTF1) and 22 kD (MNTF2) proteins were 
utilized (panel 4). 

Figures 11A and 11B depict the results of the in vivo effect of muscle-derived 
motqi^ronqtropluc factors on neuronal survival and viability following the transec tion of t he _ 
rat facial nerve in the presence of either goat anti-rabbit IgG or an anti-35 kD monoclonal 
antibody in tabular and histogram form, respectively. The development of the anti-35 kD 
MNTF1 monoclonal antibody will be discussed in a subsequent section herein. The goat anti- 
rabbit IgG was utilized as a control to ensure that there was no inhibition of the biological 
activity of the 35 kD MNTF1 protein due to non-specific interactions. Results indicated that 
~ 80% of the motoneurons associated with the facial nerve were still viable after a 2 we_ek 
period. In contrast, a marked reduction in motoneuron viability (50% viability after 2 weeks) 
was found when an anti-35 kD MNTF1 monoclonal antibody was utilized. Therefore, the 
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diminution of neuronal viability appeared to be a function of the inhibition of the 35 kD 
MNTF1 protein by the anti-35 kD MNTF1 monoclonal antibody. 

Figures 12A-D are a series of four photomicrographs depicting the in vivo effects of 
MNTFs on neuronal survival and viability following the transection of the dorsal root ganglion 
in Sprague Dawley rats. In this series of experiments, axotomized dorsal root ganglion were 
cut in the right side of 10 day-old Sprague Dawley rats. The left-side dorsal root ganglion 
were left intact to serve as an internal contralateral control. Sections of MNTFl-containing or 
MNTF2-containing PhastGel (-2x3 mm section containing 5-30 ng of MNTFs) were 
applied via implantation to the axotomized sites. As before, the MNTF1 and MNTF2 
correspond to the 35 kD and 22 kD proteins, respectively. PhastGel sections without MNTFs 
were implanted in axotomized animals in an analogous manner, and served as controls. 
Results demonstrated that without the presence of either MNTF1 or MNTF2, only - 40% of 
the Lmotoneurons remained Yiabie Isee Figure 12A), In co ntrast, 60- 70% remained viable in 
the presence of MNTF1 (see Figure 12B), MNTF2 (see Figure 12C) or both MNTF1 and 
MNTF2 (see Figure 12D). 

In Vivo Testing of MNTF1 and MNTF2 in Hemi-sectioned Spinal Cords with Nerve 

Autographs 

In the next series of experiments, depicted in Figure 13 and Figure 14 (panels 1-6), rat 
MNTFl and MNTF2 were tested in vivo hemi-sectioned spinal cord rats with peripheral 
nerve autographs. Following anesthesia with barbitol, the left side of the spinal cord of adult 
Sprague Dawley rats were hemi-sectioned at the T1-T3 (8 mm) level. Under a dissection 
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microscope, 20 mm long ulnar and median nerve trunks from the left fore limb were dissected 
and grafted onto the T1-T3 region of the spinal cord at the lateral-ventral and lateral-dorsal 
portions, respectively (see Figure 13). The nerve grafts were anchored to the spinal cord by 
suturing their associated membranes together with 10-0 thread. In the experimental group, a 
total of 16 sections (-1x1 mm) of MNTFl-containing and MNTF2-containing PhastGel 
were placed in close proximity to the junctions of the nerve grafts and spinal cord. In a control 
group, PhastGel sections without MNTFs were implanted in an analogous manner. 

Results revealed that, in the presence of the MNTFl-containing and MNTF2-containing 
PhastGel sections (see Figure 14, panels 1 and 3, respectively), the survival rate, the overall 
recovery rate, the numbers of both regenerated myelinated and unmyelinated nerve fibers, and 
the number of surviving motoneurons of the hemi-sectioned rats (see Figure 14, panel 3) were 
far greater than those exhibited by the control group without the presence of MNTFs (see 

Fi gure 14, panels 2_and 4)^ The results were obtamed_bxboth jeiaeraL^id hi^ological 

observations which were recorded and compared. With respect to general observations, the 
rat's ambulatory ability (i.e., the ability to crawl or walk) and reaction to digit compression 
were recorded. Histological observations included determination of inflammatory response 
(presence of infiltrating macrophages, lymphocytes, and scar tissue), morphology and 
ultrastructure of neurons, the presence of myelinating Schwann cells, and the presence of 
myelinated nerves. The results demonstrated that the experimental animals _treated with 
MNTFs recovered both motor and sensory neuronal function in a far more efficacious manner 
than the control animal group. The experimental animal group also exhibited minimal 
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inflammatory response, little or no scar tissue formation, normal Schwann cell morphology, 
and normal myelinated and unmyelinated nerve morphology (see Figure 14, panel 3). In 
contrast, the control animal group exhibited an inflammatory response, indicated by large 
numbers of infiltrating macrophages/lymphocytes and collagen-containing scar tissue formation 
at the location of the neuronal graft (see Figure 14, panel 5). Furthermore, the Schwann cells 
of the control animal group were either non-viable or exhibited a swollen morphology with 
vacuolations (see Figure 14, panel 2). 

In addition, subsequent experimental results demonstrated that the application of 
MNTF1 and/or MNTF2 significantly increased the amount, size, and neuronal shape of the 
regenerated myelinated nerve fiber. From these results it may be postulated that MNTFs play 
a role in the biosynthesis of the various protein constituents of myelin (e.g., myelin basic 
proteins, Wolfgram proteins, etc.). Decreases in the concentrations of these proteins is 
implicated in sever al degenerativ e diseases of myelin ated nerve fibers. 

In Vivo Testing of Rat MNTF1 and MNTF2 in Hereditary Motoneuron Disease 

The molecular mechanism for human motoneuron diseases, including Amotrophic 
Lateral Sclerosis (ALS) and Spinal Muscular Atrophies (SMA) have not yet been elucidated. 
However, the wobbler mouse (genotype wr/wr) has been developed and is widely used as an 
animal model for studies involving spinal and brainstem motoneuron diseases. See e.g., 
Ducliei1 ' _ L ^W._and Strich, S J., An Hereditary ; Motor „ Neuron Disease with Progressive 
Denervation of Muscle in the Mouse: The Mutant "Wobbler," 31 /. Neurol Neurosurg. 
Psychiatry, 535 (1968); La Vail, J.H., et aL, Motoneuron Loss in the Abducens Nucleus of 
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Wobbler Mice, 404 Brain Res, 111 (1987), whose disclosures are incorporated herein by 
reference. The wobbler mouse carries an inherited autosomal double-recessive gene mutation 
in Chromosome 11 (specifically located between the egfr and rel genes), which leads to the 
progressive degeneration of spinal and brainstem motoneurons. See Kaupman, K. , et al. , 13 
Genomics 35 (1992), whose disclosure is incorporated herein by reference. 

Approximately 3 week post-partum, wobbler mice begin to develop the "wobbling" 
symptomology (stage 1) with concomitant degeneration of cervical motoneurons leading to 
both the wasting of the muscles of the forelimbs and an inability to extend the digits and claws. 
By 3 months of age, the pathologic symptomology will progress to stage 4, with a "clumping 
together" of all associated joints in the forelimbs (e.g., the wrist, elbow, and shoulder joints), 
as well as an extensive loss of body weight and chronic fatigue. Frequently, however, most 
wobbler mice die prior to reaching 3 months of age. 

T he w obbler mous^mqdel has b^eii util^ limited protective 

effect of several trophic factors on the degeneration of motoneurons including: (0 the Ciliary 
Neurotrophic Factor (CNTF; see e.g., Sendner, M., et al., Ciliary Motoneurotrophic Factor 
Prevents the Degeneration of Motor Neurons After Axotomy, 345 Nature 440 (1990)), 
(it) the Brain-Derived Neurotrophic Factor (BDNF; see e.g., Oppenheim, R.W., et al., Brain- 
Derived Motoneurotrophic Factor Rescues Developing Avian Motoneurons From Cell Death, 
360 Nature 755 (1992)), (Hi) the Ganglion-Derived Neurotrophic Factor (GDNF; see e.g., 
Henderson, C.E., et al., GDNF: A Potent Survival Factor for Motoneurons Present in 
Peripheral Nerve and Muscle, 266 Science 1062 (1994), and (iv) the combination of CNTF and 
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BDNF (see e.g., Mitsumoto, LL. 5 et al., 265 Science 1107 (1994)). In these aforementioned 
studies, the treated wobbler mice were administered with milligram (mg) concentrations of the 
corresponding trophic factor at each dosing, with a treatment schedule consisting of several 
dosings per week for a period of a number of weeks. In most cases, response by the wobbler 
5 mice to treatment with the trophic factor (as measured by improvement of motor function) 

were scored during a one month time period. Interestingly, however, the trophic factor-treated 
mice frequently died sooner than the control wobbler mice which did not receive treatment. 
See e.g., Ikeda, S., et al., Histometic Effects of Cilliary Neurotrophic Factor in Wobbler 

Q 

€1 Mouse Motor Neuron Disease, 37 Ann, Neurol 47 (1995); Ikeda, S., et al., Effects of Brain- 
10'1;;f Derived Neurotrophic Factor on Motor Dysfunction in Wobbler Mouse Motor Neuron 
J Disease, 37 Ann. Neurol 505 (1995). 

s The "negative" results demonstrated by these aforementioned trophic factor studies 

^ raise th e question of whether these^nvestigators were working with the appropriate trophic 
factor(s) and/or the appropriate biological assays. Therefore, based upon the documented 

15 relationship between motoneurons and their associated target muscles, the inventor of the 

invention disclosed herein chose to isolate and purify the motoneuronotrophic factors (MNTF1 
and MNTF2) identified by the motoneurons themselves from the target tissue of the respective 
motoneuron (i.e., the skeletal muscle); and to study the survival curve of the treated wobbler 
mice after only a single dose of MNTF1 administered at nanogram (ng) concentrations for a 

20 period of one year. It should be noted that the MNTF concentration utilized in this study was 
1000-times less (i.e., ng versus mg concentrations) than that utilized in previous studies 
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involving several other motoneuronotrophic factors (e.g., See e.g., Ikeda, S., et al., 
Histometic Effects of Cilliary Neurotrophic Factor in Wobbler Mouse Motor Neuron Disease, 
37 Ann. Neurol 47 (1995); Ikeda, S., et al., Effects of Brain-Derived Neurotrophic Factor on 
Motor Dysfunction in Wobbler Mouse Motor Neuron Disease, 37 Ann. Neurol 505 (1995)). 

In a series of experiments, depicted in Figures 15 A and 15B, in vivo testing of rat 
MNTF1 and MNTF2 in hereditary motoneuron disease was performed in wobbler mice. 
Wobbler mice are animals (developed at and kindly provided by the National Institutes of 
Health (NIH) in Bethesda, Maryland) which possess double recessive genes (wr/wr) for a 
hereditary motoneuron disease. The motoneuron disease manifests itself with symptoms of 
upper limb neuromuscular failure which initially appears approximately 3 weeks after birth. 
The condition also affects the animal's body weight, general health conditions, respiration, and 
life span in a deleterious manner. The disease gradually progresses to the final stage (stage 4) 
by^ino^hs of age, with an associated dramat ic i ncrease in anim al mortality. 

Sections (-2x6 mm) of MNTF1 -containing and MNTF2-containing PhastGel were 
finely minced and applied to the wobbler mice via implantation of the aforementioned MNTF- 
containing PhastGel sections between the trapezius and rhomboid muscles at the C7-T3 region 
of the spinal cord. A control group of wobbler mice received PhastGel sections without 
MNTFs. Results indicated that the application of a single "dose" (35 mg/kg body weight) of 
MNTF-containing PhastGel to 6 week old wobbler mice arrested the progression of the 
symptomology of the motoneuron disease to that associated with the initial stage (stage 1) for a 
period of observation up to 10 months. Additionally, in comparison to the control animal 
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group, the experimental animals demonstrated a general improvement in health, respiration, 
body weight, strength of fore limbs, as well as the general prevention of deterioration of 
health, respiration, neuromuscular activities of the fore limbs, and the vacuolation and 
chromatolysis of their cervical motoneurons. In conclusion, these results are illustrative of rat 
MNTFs arresting the further symptomatic development of hereditary motoneuron disease in 
wobbler mice. 

Figure 15A and 15B graphically depicts the weights of homozygous and heterozygous 
wild type mice verses wobbler mice. In this series of experiments, the body weights of four 
"normal" homozygous mice (A) and four heterozygous mice (B) were compared with the body 
weights of four each homozygous wobbler mice (W1-W4) and (W5-W8). Each of the wobbler 
mice were treated with rat MNTF1 and MNTF2, whereas the "normal" mice were left 
untreated. While, the overall body weights of the wobbler mice were generally less than that 

of "normal " animals, the wo bbler mic e nonetheles s ex hibite d consistent weight gain and . 

increased longevity. In contrast, untreated wobbler mice did not demonstrate this type of 
consistent weight gain and usually die at approximately 3 months of age. It should be noted 
that the abrupt "drop-points" in both Figure 15A and 15B represent the date on which that 
particular animal expired. Therefore, in conclusion, these results indicate that treatment with 
the MNTFs had a dramatic impact on the hereditary motoneuron disease in wobbler mice. 

The elucidation of the relationship between the individual muscle fibers and their 
associated motorneurons is of paramount importance in understanding such diseases as multiple 
sclerosis (MS), muscular dystrophy (MD), and myasthenia gravis (MG). In a related series of 
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experiments, it was demonstrated that the application of MNTF1 and/or MNTF2 which 
resulted in a marked regeneration of the motorneurons concomitantly led to the recovery 
associated muscle fibers formation. Moreover, neuro-stimulation of the muscle fiber to 
promote the growth, survival, and regeneration of the muscle fiber, as well as for the putative 
production of muscle-derived MNTFs, plays an extremely important role in the cyclic 
relationship between motorneurons and the muscle fibers. 

Development of Monoclonal Antibodies for MNTF1 and MNTF2 
Monoclonal antibodies specific for rat MNTF1 and MNTF2 were prepared. The 35 kD 
(MNTF1) and 22 kD (MNTF2) protein-containing bands were excised from a Phast System gel 
(1 x 30 mm gel sections containing - 100 ng motoneuronotrophic factor) and utilized as 
antigens in the immunization of separate groups of Balb/c mice. Specifically, the MNTF- 
containing PhastGel sections were excised and finely minced. The PhastGel pieces were then 

^g^-WiA an^eg^yolunie of com plete Freund's a djuvant an d directly inje cted . . 

intraperitoneally into the Balb/c mice. A total of three antigen immunizations were performed, 
with intraperitoneal injections of MNTFl-containing and MNTF2-containing PhastGel in 
physiological saline on the 7th and 21st day following the initial immunization. The spleens of 
the Balb/c mice were harvested and allowed to fuse with either NS-1 or SP2/0 myeloma cells. 
The resultant hybridomas were then screened utilizing MTT microassays and microscopic 
examination to select the most efficacious monoclonal antibodies capable of blocking the 
function of the MNTF1 and MNTF2 neuronotrophic factors. For example, from the 35 kD 
(MNTF1) fusions, a total of 8 hybridomas were selected and subsequently developed out of a 
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total of 480 wells producing monoclonal antibodies specific for this aforementioned MNTF1 
protein. 

Immunoselection of Recombinant Human MNTF1 

The selected MNTF-blocking monoclonal antibodies were next utilized to immunoselect 
clones of human motoneuronotrophic factor. The blocking monoclonal antibody for the human 
motoneuronotrophic factor (MAb-MNTF) was used as an immunoprobe in the screening of 
positive expression clones from a selected human retinoblastoma cDNA library (produced by 
Clontech Co., Palo Alto, CA). In brief, the immunoselection/immunoprecipitation procedure 
for the cDNA library involved the isolation of mRNAs from cells of the Rb Y-79 
retinoblastoma cell line. Reverse transcription reaction were performed to synthesize cDNAs 
utilizing the isolated retinoblastoma mRNAs as templates. The cDNAs were ligated into a 
Lambda phage vector ( gt-11) and subsequently transformed in an E. coli strain Y1090 host 
b acteria. 

The immunoscreening procedure utilized was a modification of that described in 
Young, R.A., and Davis, R.W., Efficient Isolation of Genes Using Antibody Probes, 80 Proc. 
Natl Acad. Sci. USA 1194 (1983), whose disclosure is incorporated herein by reference. The 
modification consisted of using ammonium nickel sulfate as an enhancing agent to increase 
100-fold the sensitivity of the peroxidase-avidin-biotin complex reaction utilizing diamino- 
benzidine as the substrate. A maximum of 4 nitrocellulose membrane "replicas" were made 
from each colony plate for immunoscreening and only the most intensely-stained clones were 
selected in the immunoscreening procedure. The selected clones were then allowed to express 
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their recombinant human proteins which were subsequently assayed to determine their potential 
MNTF biological activity in culture. The clone which displayed the highest MNTF-specific 
biological activity in motoneuron cultures was then selected for further analysis. 

Immunohistochemical Localization of MNTF1 and the MNTF1 Receptor 

The MNTF1 monoclonal antibody was utilized to elucidate the immunohistochemical 
distribution of MNTF1 and the putative MNTF1 receptor in the peroneal muscle, Schwann 
cells, and motoneurons of 10 day-old Sprague Dawley rats. The procedure utilized was 
previously described in Ren, F. & Chau, R.M.W., Production and Assessment of Monoclonal 
Antibodies Specific for Rat Retinal Ganglion Neuronotrophic Factor, 7 Monoclonal 
Antibody 13 (1991). Figure 5 demonstrates the results of this immunohistochemical 
localization of the MNTF1 protein (plates 1, 3 and 5) in peroneal muscle (plates 1 and 2), 
Schwann cells (plates 3 and 4) and motoneurons (plates 5 and 6). The results show an uneven 
distribution of fine , immunoreactive-p ositive " staining " among the muscle fibers with the more _ 
dense staining localized at the T-tubules, the motor end-plates, and the intervening nerve 
fibers. The striations of the individual muscle fibers were clearly visible without the utilization 
of a counter-stain. In addition Figure 5 illustrates the immunohistochemical localization of the 
putative MNTF1 receptor (plates 2, 4, and 6). 

Cloning and Sequence Analysis of Human Recombinant MNTF1 

Human recombinant MNTF 1 (hrMNTFl) was tested in vitro for potential biological, 
activity with isolated anterior horn motoneurons in the following manner (see Figure 16, 
panels A-F). Anterior horn motoneurons were isolated from the lumbar spinal cord gray 
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matter of 10 day-old Sprague Dawley rats following digestion in a 0.08% collagenase solution 
in DMEM medium containing 15% fetal calf serum. Following collagenase digestion, the 
anterior horn motoneurons were cultured in DMEM medium supplemented with 15% fetal calf 
serum. Results indicated that the anterior horn motoneurons co-cultured with hrMNTFl 
remained viable and exhibited higher levels of neurite outgrowth (see Figure 16, panel E and 
panel F) than that of the control cultures without hrMNTFl (see Figure 16, panel D). 
Viability and neurite outgrowth were determined utilizing both MTT microassay and 
microscopic examination as previously described. 

The cloned, recombinant human MNTF1 in gt-11 phage vector (designated as 
Lambda.35KD.MNTFl) was expressed in E. coli strain Y1090. It was found, in vitro, to be 
capable of reducing, by a factor of 3-fold, the overall numbers of isolated anterior horn motor 
neurons which entered into apoptosis (the process of cellular "dying") as evidenced by a lack 

of cellular fragmentation into apoptotic b odies and the condensation of chromatin in the 

pyknotic nucleus. In addition, hrMNTFl supported the growth and "spreading" of the 
motoneurons into giant, active neurons with extended growth cone-containing axons (see 
Figure 16, panels E and panel F). In contrast, the control motoneuron cultures, lacking 
expressed hrMNTFl, many non-neuronal cells (e.g., glial cells and fibroblasts) were actively 
growing after 10 days of culture in DMEM medium supplemented with 15% fetal calf serum 
(see Figure 16, panel D), yet there was a complete lack of viable, growing motoneurons in 
these control cultures. 

The cDNA insert of the Lambda. 3 5KD.MNTF1 clone was then sub-cloned into an in 
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vitro expression vector system and its DNA sequence was elucidated by the following 

methodologies: 

1 . Preparation and purification of Lambda.35KD.MNTFl 

10 plaque-forming units (pfu) of Lambda.35KD.MNTFl/gt 11 phage was inoculated 
into a 500 ml overnight culture of E. coli stain Y1090 until complete lysis of the bacteria was 
observed. The Lambda phage were recovered and purified by centrifugation and enzymatic 
treatment with RNase and DNase in an NaCl/PEG 8000 solution, followed by high speed CsCl 
density gradient centrifugation to collect the purified phage at a final gradient density of 
approximately 1.5 gm CsCl/ml. 

Isolation and purification of the Lambda.35KD.MNTFl DNA was facilitated by initial 
digestion of the Lambda phage (1 ml) in EDTA, SDS, and proteinase K, followed by repeated 
extractions with phenol, phenol/chloroform, and chloroform. The DNA was then ethanol 
pr ecipitated w^95^e^ r e peated washes in . 

70%- ethanol, the Lambda . 3 5KD . MNTF 1 DNA pellet was redissolved in Tris-EDTA buffer. 

2. Recovery of 35KD.MNTF1 cDNA from Lambda. 35KD.MNTF1 DNA 

10 [ig of Lambda. 35KD . MNTF 1 DNA was digested overnight with EcoRl and the 
cleaved 35KD.MNTF1 cDNA was recovered via agarose gel electrophoresis. Following 
electrophoresis, the DNA bands were visualized utilizing U.V. light. Results of the EcoRl 
digestion demonstrated the presence of two discreet DNA fragments - a 1.44 Kbp fragment 
designated 35F3 and a 0.93 Kbp fragment designated 35F6. The two DNA bands were 
individually excised from the agarose gel and the DNA was recovered via standard techniques. 
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The recovered DN A was then prepared for subsequent DNA sequencing by recombination with 
M13 phage and for High Protein Expression by recombination with the pGEX-1 Lambda T 
EcoRl/BAP vector. 

3. DNA sequencing of the 35F3 and 35F6 DNA fragments of 35KD.MNTF1 cDNA 

Following recombination of the 35F3 and 35F6 fragments with M13, the Dideoxy 
Nucleotide Chain Termination DNA Sequencing Methodology of Sanger (utilizing Bst DNA 
polymerase) was employed to elucidate the DNA sequence of the two MNTF1 DNA 
fragments. See Sanger, F., et aL, Nucleotide Sequence of Bacteriophage DNA, 162 Mol 
Biol 729 (1982), whose disclosure is incorporated herein by reference. This sequencing 
methodology provided extremely accurate and reproducible results with respect to the DNA 
sequencing of the two EcoRl -generated fragments of the 35KD.MNTF1 cDNA fragments and 
indicated that the 35F3 fragment consisted of 1443 base pairs; whereas the 35F6 fragment was 
foundto .consist of^27_ba^e pairs. _ _ _ 

Figure 1A depicts the DNA sequence (SEQ ID NO:l) of the 35F3 DNA fragment 
(1443 bp). By standard convention the DNA sequence is shown in the 5' to 3 1 orientation. 
The 35F3 clone was constructed by EcoRl digestion of the Lambda 35KD.MNTF1 clone. The 
resulting 35F3 EcoRl -generated fragment was then recombined with M13 for subsequent DNA 
sequencing utilizing the aforementioned Sanger methodology. 

Figure IB depicts the DNA sequence (SEQ ID NO:2)_of the 35F6 DNA fragment (927 
bp). By standard convention the DNA sequence is shown in the 5' to 3 1 orientation. The 
35F6 clone was constructed by EcoRl digestion of the Lambda 35KD.MNTF1 clone. The 
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resulting 35F6 EcoRl-generated fragment was then recombined with M13 for subsequent DNA 
sequencing utilizing the aforementioned Sanger methodology. 

4. Sub-cloning of the 35F3 and 35F6 EcoRl-generated MNTF1 DNA Fragments 

The 35F3 (1443 base pairs) and 35F6 (927 base pairs) EcoRl-generated MNTF1 DNA 
fragments were sub-cloned into the pGEX-1 Lambda T EcoRl/BAP High Protein Expression 
vector (hereinafter pGEX). The resultant sub-clones were designated MNTF1-1443 (35F3) 
and MNTF1-927 (35F6). The pGEX vector was selected due to the following factors: (i) it 
possessed a high efficiency transcriptional promoter at its 5' -terminus and a 3 '-terminus 
poly(A) tail; and (zz) it provided an easy methodology for the purification of the MNTF1-1443 
and MNTF1-927 recombinant proteins via affinity column chromatography-based purification 
of the glutathione-S-transferase (GST)-contairiing MNTF1 fusion proteins. 

A. Transformation of recombinant plasmid 

T^pGJ^ve^r was djgested_with EcoRl^ T he digested pGE X vector was then 

incubated overnight with the EcoRl-generated MNTF1-1443 and MNTF1-927 DNA fragments 
in the presence of T4 DNA ligase. Following ligation, competent E. coli strain DH5 were 
transformed with the recombinant vector and transferred onto Luria broth (LB) agar plates 
containing 100 g/ml ampicillin. Due to the fact that the pGEX vector contained a gene which 
conferred ampicillin resistance to the transformed bacteria, the use of ampicillin screening 
allowed the exclusive selection of transformed bacterial colonies, as only those bacteria 
containing the recombinant vector would be viable in its presence. 

B. Identification and isolation of MNTF1-1443 and MNTF1-927 transformants 
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The transformed bacterial colonies were individually selected, inoculated into a small 
volume of LB medium containing 100 g/ml ampicillin, and incubated for approximately 3 
hours. Following incubation, the transformed bacteria were collected via centrifugation for 
subsequent isolation of the recombinant vector DNA by the alkaline lysis "mini prep" 
technique as described in Maniatis, T., Fritsch, E.F., and Sambrook, L, Molecular Cloning, 
2nd ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, New York pp. 134-136 (1986). 
With this technique, the collected bacteria were lysed by the addition of a Tris- 
EDTA/NaOH/SDS solution with vigorous vortexing. After centrifugation to collect 
contaminating cellular debris, the recombinant vector DNA-containing supernatant was 
aspirated, extracted with phenol and chloroform, and precipitated with 95% ethanol. The 
mixture was centrifuged to collect the precipitated DNA and the nucleic acid pellet was 
dissolved in Tris-EDTA buffer. Two recombinant species were identified: pGEX-MNTFl- 
144 3 and pGEX-MNTF l-927. 

The collected recombinant vector DNA was then digested with EcoRl to release the 
1443 bp MNTF1-1443 and 927 bp MNTF1-927 DNA inserts from the 4.9 Kbp pGEX vector. 
The digested DNA was subjected to agarose gel electrophoresis and the individual DNA bands 
were identified via U.V. light visualization. 

"Positive" bacterial colonies (i.e., those which contained either the MNTF1-1443 or 
MNTF 1-927 DNA insert) were selected and inoculated into LB medium for large scale plasmid 
purification via alkaline lysis and PEG precipitation. The purified recombinant vector DNA 
was then transfected into an E. coli strain BL-21 host bacterium to facilitate high levels of 
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expression of human recombinant MNTF1-F3 (hrMNTFl-F3) and MNTF1-F6 (hrMNTFl-F6) 
proteins. 

C. Expression and Amplification of hrMNTFl-F3 and hrMNTFl-F6 Fusion 
Proteins 

pGEX-MNTFl-1443 or pGEX-MNTF 1-927 DNA were transfected into E. coli stain 
BL-21 competent bacteria in 50 ml of LB medium. IPTG was utilized to induce high levels of 
expression of the hrMNTFl-F3 or hrMNTFl-F6 proteins. Collected bacteria were lysed, 
frozen, and thawed a total of 4-times using liquid nitrogen, sonicated, and centrifuged. The 
supernatant, containing the hrMNTFl-F3 or hrMNTFl-F6 fusion proteins, was then passed 
through an anti-GST affinity chromatography column containing anti-GST monoclonal 
antibodies (Pharmacia). The use of this type of affinity chromatography allowed purification 
of the GST-hrMNTF 1 -F3 and GST-hrMNTFl-F6 fusion proteins which were bound to the 
matrix thr ough the GST moiety . Jfoltow^ 

hrMNTFl-F6 fusion proteins were eluted. The proteolytic enzyme thrombin was utilized to 
cleave the linkage between the MNTFs and the GST moiety and the purified hrMNTFl-F3 and 
hrMNTFl-F6 proteins were collected for subsequent in vivo and in vitro assays and for amino 
acid sequencing. 

In Vitro and In Vivo Testing of the Trophic Activity of hrMNTFl-F3 and hrMNTFl-F6 

The human recombinant motoneuronotrophic factors (hrMNTFs) may be utilized either 
as fusion proteins or as purified proteins. To obtain the purified protein form of hrMNTFl-F3 
and MNTF1-F6, the expression products of the pGEX-MNTFl-1443 or pGEX-MNTF 1-927 
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plasmids are isolated as previously described. The expression products consist of fusion 
proteins which contain MNTF fused with glutathione-S-transferase (GST). The fusion protein 
is then purified on a GST-monoclonal antibody affinity chromatography column (Pharmacia) 
which specifically cleave the bond between the expressed trophic factor (MNTFs) and the GST 
moiety. The trophic factor is subsequently eluted from the column and may be utilized in the 
same manner as the purified "native" proteins, as described above. 

Anterior horn motoneurons were isolated from the 10 day-old (postnatal) Sprague 
Dawley rat lumbar spinal cord via collagenase digestion in DMEM medium supplement with 
15% fetal calf serum. Figure 17 represents low magnification (lOOx) photomicrographs of the 
aforementioned anterior horn motoneurons cultured with varying concentrations of the GST- 
hrMNTFl-F3 (panel 4), GST-hr MNTF 1 -F6 (panel 3), and hrMNTFl-F3 (panel 6) and 
hrMNTF-F6 (panel 5) proteins with the GST moiety removed by thrombin proteolysis were 

added to th e moton euron cultures^ Fo llowin g 8 days of culture, it was obser ved tha t the 

motoneurons cultured in the presence of GST-conjugated or non-GST-conjugated hrMNTFl- 
F3 or hrMNTFl-F6 exhibited far greater growth patterns, as well as a marked decrease in the 
growth of associated non-neuronal cells, than those motoneurons cultured without either of 
these aforementioned proteins (see Figure 17, panel 1 and 2). The similarity of the results 
obtained between motoneuron cultures with hrMNTFl-F3 and hrMNTFl-F6 suggested that 
both pGEX-MNTFl-1443 and pGEX-MNTFl-927 may potentially possess the gene, or part of 
the gene which encodes the active site of a biologically active neurotropic factor. 

Figure 18 depicts high magnification (320x) photomicrographs of the results initially 
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illustrated in Figure 17. It should be noted that panels 1-6 in Figure 18 are identical to those 
panels shown in Figure 17 with respect to the type of MNTF protein which was utilized in the 
co-culture with the isolated anterior horn motoneurons. 

Figure 19 represents a high magnification (400x) photomicrograph of motoneuron 
viability and neurite outgrowth of in v#ro-isolated anterior horn motoneurons cultured with 
hrMNTFl-F6 which has had the GST moiety removed by thrombin proteolysis. 

Figures 20A-D depict the survival, regeneration and neurite outgrowth of myelinated 
nerve fiber from the in vifro-isolated anterior horn motoneurons as originally shown in Figure 
17 (plate 5), Figure 18 (plate 5), and Figure 19 (plate 1), respectively, after 21 days of co- 
culture with the hrMNTFl-F6 protein with the GST moiety removed via thrombin proteolysis. 
Figure 20A illustrates a low magnification photomicrograph (lOOx) of two separate 
motoneurons (one ~ 1.5 mm in length and one — 3 mm in length) which were regenerated 

fro m the cultured, in vitro Asolatod anter ior horn mot oneurons . Figure 20B depicts a low 

magnification (140x) photomicrograph of the motoneurons originally illustrated in Figure 20A 
as well as a composite photomicrograph which illustrates the myelinated, regenerated neuron 
with oligodendrocytes (putative Schwann cells) attached. Figure 20C and 20D illustrate high 
magnification (400x) photomicrographs which revel the axonal cylinders in the inner 
regenerated myelinated nerve fiber with several Nodes of Rannier clearly depicted. 
Amino Acid Sequencing of the Human Recombinant MNTF1-F3 and MNTF1-F6 Proteins 

The amino acid sequence of the human recombinant MNTF1-F3 and MNTF1-F6 
proteins were elucidated by direct protein sequencing methodologies. Prior to sequencing, the 
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proteins were purified into non-fusion form via the aforementioned GST-monoclonal affinity 
column chromatography. The amino acid sequence of the MNTF1-F3 protein (SEQ ID NO: 3) 
is shown in Figure 2A. The amino acid sequence of the MNTF1-F6 protein (SEQ ID NO:4) is 
shown in Figure 2B. By standard convention, the amino acid sequences are reported from the 
amino (NH2-) terminus to the carboxyl (-COOH) terminus. 

The MNTF polypeptides described herein can be used for treatment of numerous 
medical conditions including, for example, peripheral nerve injuries, musculoskeletal 
disorders, spinal cord injuries, head injuries, strokes, neuromuscular degenerative diseases, 
amyotrophic lateral sclerosis, spinal muscular atrophy, peripheral neuropathy, inhibition of 
scar tissue formation, diabetic peripheral neuropathy; peripheral neuropathy resulting from 
AIDS, peripheral neuropathy resulting from radiation treatment for cancer, multiple sclerosis, 
muscular dystrophy, myasthenia gravis, and sensory neuronal function disorders. 
PREPARAT ION OF MNTF F OR DRUG DELIVERY 

The MNTFs of the present invention can thus be readily utilized in pharmacological 
applications. In vivo applications include administration of the factors to mammalian subjects 
and, in particular, to human subjects. The MNTFs may be administered orally or by injection, 
with the preferred mode being topical application on or near the affected motoneuron. 

The pharmacological compositions of the present invention are prepared in conventional 
dosage unit forms by the incorporation of one or more of the MNTFs with an inert, non-toxic 
pharmaceutical "carrier" moiety according to accepted methodologies, in a non-toxic 
concentration sufficient to produce the desired physiological activity in a mammal and, in 
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particular, a human subject. Preferably, the composition contains the active ingredient in a 
biologically-active, but non-toxic, concentration selected from a concentration of 
approximately 5 ng to 50 mg of active ingredient per dosage unit (e.g., per kg subject body 
weight). The concentration utilized will be dependent upon such factors as the overall specific 
biological activity of the ingredient, specific biological activity desired, as well as the condition 
and body weight of the subject. 

The pharmaceutical carrier or vehicle employed may be, for example, a solid or liquid 
and a variety of pharmaceutical forms may be employed. Thus, when a solid carrier is 
utilized, the preparation may be plain milled, micronized in oil, tabulated, placed in a hard 
gelatin or enterically-coated capsule in micronized powder or pellet form, or in the form of a 
troche, lozenge, or suppository. The solid carrier, containing the MNTF, can also be ground 
up prior to use. 

When utilized in a liquid carrier, th e preparati on may be in the form of a liquid, such as 
an ampule, or as an aqueous or non-aqueous liquid suspension. For topical administration, the 
active ingredient may be formulated using bland, moisturizing bases, such as ointments or 
creams. Examples of suitable ointment bases include, but are not limited to, petrolatum plus 
volatile silicones, lanolin, and water in oil emulsions such as Eucerin* (Beiersdorf). Examples 
of suitable cream bases include, but are limited to, Nivea Cream® (Beiersdorf), cold cream 
(USP), Purpose Cream 9 (Johnson & Johnson), hydrophilic ointment (USP), and Lubriderm® 
(Warner-Lambert) . 

Additionally, with respect to the present invention, the active ingredient may be applied 
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internally at or near the site of the affected motoneuron. For example, a solid or gelled 
medium which is sufficiently permeable to allow the release of the active ingredient, preferably 
in a timed-release manner, may be utilized for such internal application. Examples of such 
gels include, but are not limited to, hydrogels such as polyacrylamide, agarose, gelatin, 
alginate, or other polysaccharide gums. Furthermore, the active ingredient may be imbedded 
in a solid material, such as filter paper, which is capable of absorbing and subsequently 
releasing the active ingredient, at the appropriate time and location. 

While embodiments and applications of the present invention have been described in 
some detail by way of illustration and example for purposes of clarity and understanding, it 
would be apparent to those individuals whom are skilled within the relevant art that many 
additional modifications would be possible without departing from the inventive concepts 
contained herein. The invention, therefore, is not to be restricted in any manner except in the 
spirit of the appended claims. 
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